Background: In India, the sand roasting technique is widely used by street food vendors, villagers and cottage industries for making various value-added food products from different cereals, millets and legumes. The traditionally produced sand-roasted products are commonly utilized as ready to eat snacks or for the preparation of various other snacks. Results: During the high-temperature short-time treatment of sand roasting, the produced products are bestowed with characteristics such as higher puffing, crispiness, volume, and improved color, aroma, flavor and texture. In terms of nutrition, the roasting process enhances the carbohydrate and protein digestibility, β-glucan extractability, levels of dietary fiber, minerals, and antioxidants and reduces the inherent antinutrients levels in cereals and legumes. In addition, the complete destruction of seed microflora enhances the shelf life and thus consumer acceptance. The sand-roasted products act as prebiotic dietary fiber and serves as an alternative to polished grains for the consumers. Thus, the simplest, inexpensive, traditional sand roasting method of dry heat application is used for making precooked ready to eat weaning foods and preparation of cost-effective dietary pediatric and geriatric formulations. The technique is also employed for roasting various beans, fryums, nut, and pulse decortication and as a pretreatment process for tamarind kernel powder production, while the sand baking method is widely used for baking cakes, vegetables, meat, fish, eggs and starchy tubers. Conclusions: The techniques of sand roasting and baking are gaining importance as cheap, effective, oil-free, healthier ways of cooking. However, further studies are needed on micronutrient availability and functional food development for community nutritional disorders. Also, the residual silica levels and difficult working environment mandates the development of energy-efficient and high-output-orientated technologies such as continuous, microwave, and fluidized bed roasters.
Introduction
In terms of health benefits, minimally processed foods are better than the processed foods. Among the minimal processes, sand roasting is a traditional, rapid food processing method which utilizes dry heat for a shorter span of time. In this high-temperature short-time treatment, the heat energy is transferred via conduction. The sand roasting causes faster dehydration, characteristic thermal and chemical reactions, and reduction in water activity of the grains. During roasting, the far infrared rays produced from the sand penetrate the grains and aid in breaking down of the starch, protein, and fats in the grains (http://www.vmosa.com/ health04_en.htm, 2019). It aids in digestibility improvement by converting the micro and macronutrients into more digestible form via rapid starch gelatinization, simultaneous drying of gelatinized starch, and denaturation of proteins. It results in higher puffing index, enhanced crispiness and volume, and improved texture. It also enhances the color, aroma, flavor, shelf life, and consumer acceptance and reduces the bulk density and antinutrients present in cereals and legumes (Jogihalli et al. 2017a; . The important cereals and legumes which are consumed in roasted form after sand roasting are rice, maize, sorghum, wheat, barley, oats, groundnut, black gram, bengal gram, chickpea, peas, and cowpea. The roasting depends upon on the sand temperature, temperature profile, and roasting time. They are usually roasted at a varying temperature of 150-350°C using sand as a heating medium, in small, medium, and industrial pan roasters in a batch mode which is practiced in villages and cottage industries of India. The roasting process affects the nutritional, antioxidant, sensory, and functional properties of the products. The demand for value-added products such as roasted cereals and grains is increasing, as it is a cheap, effective, oilfree, healthy way of cooking (Jogihalli et al. 2017a; Singh et al. 2018) .
In the present review, the application of sand roasting in the production of value-added products from rice such as popped, puffed, and flaked rice; other popped and roasted cereals and millets such as barley and oats; maize, sorghum, pearl millet, and finger millet; and roasted legumes such as groundnut, chickpea, pea, cowpea is detailed. In addition, the importance of sand roasting in terms of grain characteristics, nutritional, antioxidant, sensory, and functional properties of the products is highlighted. In addition to vegetable and meat roasting, the application of sand roasting as a pretreatment process in various nut decortication is covered. The applications of sand bath in baking of cakes, vegetables, meat, fish, eggs, and starchy tubers are mentioned.
Sand roasting of cereals
The cereals belong to the family Graminaceae and include rice, wheat, maize, barley, oat, and rye. They are the important carbohydrate resources, in addition to minerals, dietary fiber, and bioactive compounds. The different methods such as conventional dry heating, sand roasting, hot-air popping, gun puffing, microwave heating are used for producing valueadded cereals with distinctive aroma and taste (Mishra et al. 2014 ).
Sand roasting of rice
Among the cereal crops, rice (Oryza sativa) occupies a key position as a major cereal crop and staple food in human nutrition due to its texture, taste, and nutritional qualities (Mir et al. 2016 ). There are vast number of paddy varieties grown in different states of India which are suited for raw milling, parboiling, and value-added rice products. In India, around 10% of the production (14.5 million tons) is used for making value-added rice products such as popped, puffed, and flaked rice (Chitra et al. 2010) .
Popped rice
It is known as pelalu, khoi, etc. in various Indian languages. It is a traditional value-added product with high cold water swelling capacity originated from raw paddy; arising from high starch gelatinization and low retrogradation (Fig. 1a) . It is prepared directly by high-temperature short-time treatment from the moisture-adjusted raw paddy (12-14%) by sand roasting in a pan at a temperature of 150-250°C for 25-45 s. In comparison with other value-added rice products, popped rice production is less and mostly used during religious ceremonies (Chitra et al. 2010; Murugesan and Bhattacharya 1989) .
Puffed rice
It is known as maramaralu, murmura, murra, muri, puri, borugulu, mandakki, kallepuri, etc. in various Indian languages. It is one of the popular, common, oldest minimally processed food items especially used as snack, ready to eat breakfast cereal, infant food, etc. in India. It is also distributed as prasadam to devotees in temples and gurudwaras. It is mostly produced in home or cottage industries by skilled artisans using the cheaply available local material, sand as a heat transfer medium for the uniform distribution of temperature among the grains. In different regions of India, it is traditionally made from the pregelatinized, milled, parboiled rice by heating at a high temperature for a shorter time in a hot sand bath and quickly stirring in large, shallow iron or clay frying pans (Fig. 1b) . The traditional fire wood burning earthen stove known as bhatti and the locally available, cheaper fire wood from sarkar tumma (Prosopis juliflora), wood shavings ,and crop residues such as straws of cotton, chili, and agro-industrial residues, including rice husk, bagasse, groundnut shell, coconut shell, and coir pith are employed (Kumar and Prasad, 2013; Mir et al. 2016 ).
There are different steps involved in the puffed ricemaking process by sand roasting. First one is the selection of paddy variety that is suitable for puffing and available at a cheaper price. Generally, coarse, short, thick-grained, non-glutinous, medium amylose rice is used for puffing. The second step is the parboiling the paddy, which is done by soaking, steaming, and drying the grains. The paddy is soaked in water at room temperature for 4-5 days or in preheated water at 70-80°C for 6-8 h; water is drained and steamed at 100°C in an open boiler or in an autoclave under pressure for 10-20 min. Then, the paddy is dried and milled. The parboiling is a hydrothermal process in which the starch granules are gelatinized and retrograded that helps in grain expansion during puffing. The milled, parboiled rice is preconditioned by soaking in salt water to obtain moisture content of 14-20% and roasted in a sand bath at 220-285°C for 10-25 s within which the grains will puff up. The grains expand nearly 8 times, become highly porous, lighter, and crispy, as a result of physical, morphological, conformational, and structural changes in the grains. The high temperature during roasting causes rapid water evaporation, creates many void spaces due to the high pressure exerted by the steam formed inside the grains, and forces the retrograded starch to expand. The puffed rice is quickly separated from the sand using a metallic strainer and cooled to room temperature. The collected puffed rice is packed in bags and marketed. The same method with variations is practiced in India for many decades and still it is continued. The critical parameters involved in the entire process are the amylose content of the parboiled rice, moisture content in the grains (10-20%), heating medium (sand), maintenance of required puffing temperature (220-285°C) and roasting time (8-25 sec) (Ashwini et al. 2016; Chinnaswamy and R. Bhattacharya 2006; Kumar and Prasad, 2013; Mir et al. 2016) . The puffing process differs from the popping in which controlled expansion of the kernel is done during the vapor pressure escape from the grains' micropores because of high pressure or thermal gradient (Mishra et al. 2014) .
Flaked rice
It is also known as rice flakes, parched rice, flattened rice, and beaten rice in English and atukulu, avalakki, aval, poha, chura, chira, chiwada, etc. in various Indian languages. It is one of the oldest traditional rice product which is consumed as a cereal breakfast and sweet or salty snack either by toasting, roasting, frying, spicing, or soaking in water, milk, and seasoning with vegetables and spices in India. It is a flattened, carbohydrate rich, edible, precooked, rice product produced by soaking the paddy, sand roasting, and flattening (Fig. 1c) . The paddy is softened by soaking in water for 2-3 days at room temperature or in warm water (40-50°C) for 18-24 h to obtain a moisture level of 30%. The water drained, soaked paddy is sand-roasted in a shallow iron pan or earthen vessel at 150-180°C for 28-50 s to reduce the moisture content. The hot paddy with a moisture content of 17-20% is flattened subsequently into flakes in an edge runner or roller flaker. The roasted grains pass repeatedly between the roller and pan edge of the edge runner, leading to the dehusking of the kernels and formation of thin, papery, white rice flakes (Chitra et al. 2010; Dutta 2014; Kumar and Prasad, 2017; .
The sand roasting method is also employed for drying high moisture paddy harvested during the monsoon. The high moisture content (18-23%) is reduced to 5-10% by roasting in a commercial sand roaster at 95-155°C for 1-1.5 min, without affecting the milling characteristics (Srinivas et al. 1981) .
A study carried out on brown rice puffing indicated no loss of minerals, but a slight increase in essential trace elements such as potassium, magnesium, manganese, and phosphorous after puffing in comparison with raw rice (Mir et al. 2016) . In a study on content and digestibility of starch in sand-roasted products; in comparison with raw rice, the starch content was decreased, attributed to resistant starch formation and adhering bran layers. The resistant starch formation during the sand roasting of popped rice may find applications in diabetic food preparation. While the in vitro digestibility of the popped, puffed, and flaked rice was increased when compared with raw rice, which is accounted from amylopectin structure damage. Also, the increased digestibility of the sand-roasted products suits children and elderly people with a poor state of digestibility (Chitra et al. 2010; Dutta 2014; Dutta et al. 2016) . In another study on starch susceptibility to enzymatic hydrolysis; the digestibility of the flaked rice was higher when compared with raw rice, attributed to gelatinization and mechanical damage of starch during sand roasting . Another study indicated an enhancement in protein solubility, upon sand roasting of soaked paddy at 175-250°C ). In addition, the flaked rice is known to contain higher amounts of dietary fiber, minerals, and oryzanol than the milled raw rice. The nutritionally important, resistant starch formed in puffed and flaked rice is unaffected during digestion and absorption in the small intestine. It acts as a dietary fiber and responsible for controlling coronary heart diseases and diabetes via lowering the blood cholesterol and glycemic index, respectively. Also, it functions as prebiotic nutrient food to gut microflora, maintains the gut health and prevents the risk of colon cancer and other celiac diseases. In addition to serving as a low-cost, conventional, nutritious, and easily available food to masses, the gluten-free, roasted rice products are alternative to wheat products for patients suffering with celiac diseases (Kumar and Prasad, 2013; Kumar and Prasad, 2017) .
Sand roasting of maize
Popcorn is the most important, popular commercial snack produced worldwide from corn ( Fig. 2a) . It is available in small packs, coated with various ingredients such as hydrogenated oil, sugar syrup, salt, β-carotene, favors, etc. for improving the sensory quality. There are various corn-popping methods are available including conventional sand roasting, gun popping, hot-air popping, and microwave popping. Among which, the microwave and pressure cooker popping are the most popular methods at households due to energy-efficiency and short time. The popping of maize depends on corn variety; kernel size, shape, and density; pericarp thickness; moisture content (11-16%); popping temperature; and popping method. The large kernels expand less than the smaller, shorter. and broader kernels due to high levels of soft endosperm. During popping, the pericarps of the kernels act as pressure vessels and popping happens at respective temperature and pressure of 177°C and 135 psi inside the kernels. The super-heated water vaporizes, expands the starch granules into a thin film via gelatinization and generates large voids, leading to the production of popped corn. It is important to note that during popping, most of the seed microflora are destroyed and the produced popcorn is sterile (Mishra et al. 2014) .
In the preparation of ready to eat foods such as corn grit, the preconditioned corn kernels with a moisture level of 20% are sand roasted at 191°C for 104 s . Also, the sand-roasted corn on the cob known as bhutta is one of the most common, favorite, affordable, healthy street side snack in India, along with charcoal roasted corn on the cob. Also, it is a general practice to roast the corn kernels alone in hot sand (Kamal 2012) .
Sand roasting of barley
Barley scientifically known as Hordeum vulgare is one of the ancient, important cereal crops and ranked fifth in terms of world production. The whole barley grains are roasted at 250-300°C for 2 min in hot sand bath and husk is removed. The roasted grains are milled to flour known as sattu, which is widely consumed as a snack in India. It is abundant in soluble and insoluble fibers, β-glucans, phenolics, and antioxidants such as pro-anthocyanidins, flavonols, flavones, flavanones, quinines, chalcones, and benzoic and cinnamic acid derivatives. The β-glucans play an important role as soluble, dietary fiber in relieving constipation. It is also involved in the reduction of dietary cholesterol absorption and glycemic index and prevention of diet related disorders including diabetes and coronary heart diseases. It is widely used in malting, brewing, baking and the production of feed and alcohol. The abundance of antioxidants in barley aids in food preservation via lipid peroxidation inhibition (Rashid et al. 2015; .
The effect of sand roasting and microwave cooking on antioxidant activity was investigated in a previous comparative study. The hulled seeds of different barley cultivars were roasted at 280°C for 20 s in a traditional roaster made up of an iron pan with sand. It was reported that the sand-roasted barley showed higher antioxidant and metal chelating activities, reducing power and non-enzymatic browning in comparison with microwave cooked barley. Also, the sand-roasted barley exhibited higher retention of total phenolic and flavonoid content in comparison with microwave cooking . The roasted barley at identical conditions showed higher water absorption, water solubility index, and oil absorption capacity which is accounted for porous structure formation in the endosperm and higher content of cooked and damaged starch . In a similar study, the effect of sand roasting on antioxidant and anticancer activity of barley was evaluated. It was observed that the sand roasting at 280°C for 2 min caused considerable enhancement in 1-diphenyl-2-picrylhydrazyle (DPPH) and hydroxyl radical scavenging activities, reducing power and cell proliferation inhibition, when compared with uncooked barley (Rashid et al. 2015) .
Sand roasting of oats and wheat
In terms of world production, oats (Avena sativa) stand in the sixth position and it is cultivated as a fodder crop in area of 1 lakh hectares of land in India. It is recognized as a functional food due to the abundance of β-glucan, antioxidants, soluble fiber, and minerals. The phytochemical β-glucan is known to reduce the serum cholesterol and postprandial blood glucose levels. In a study carried out on ten different oat cultivars, the impact of sand roasting on β-glucan extractability and antioxidant activity was studied. The hulled oats were sand roasted in a traditional sand roaster at 280°C for 15 s. It was found that the sand roasting significantly increased β-glucan availability, reducing power, DPPH radical scavenging, and metal chelating activities. The increase in β-glucan extractability is accounted to its release from the cellulose and other non-cellulosic cell wall polysaccharides of the grains by thermal effect of roasting . In another study, the effect of sand roasting on various parameters of wheat (Triticum aestivum L.) was studied. The wheat was roasted at 300°C for 25-30 s by traditional method of pan roasting in sand. It was noted that sand roasting caused a considerable decrease in moisture content, bulk density, and chroma values and an increase in crispiness and porosity in comparison with the raw wheat (Murthy et al. 2008 ).
Sand roasting of millets
In terms of nutritional values, the millets are comparable or even better than the staple cereals such as rice and wheat. They are the cost-effective sources of protein, minerals, and vitamins for poor people. The millets are the main food and fodder crops in semi-arid regions, characterized by small grains compared to maize. However, due to antinutrient presence and poor protein and carbohydrate digestibility, processing of millets with techniques such as dry conduction heating or malting is mandatory (Choudhury et al. 2011) . The whole grains of millets such as sorghum, pearl millet, and finger millet are popped by dry heating on sand baths, which is a common practice in villages (Nations 1995). The popping under high temperature for a short duration time is a process of simultaneous starch gelatinization and expansion that results in super-heated vapor production inside the grains, sudden endosperm expansion and breaking out of outer skin (Mishra et al. 2014 ).
The popped sorghum is a ready to eat snack, produced traditionally in a batch process by manual sand roasting in cottage industries and villages of India. It is produced from the grains with a moisture content of 16-80% by sand roasting in a wide-mouth concave pan at 240°C for 1 min by continuously agitating with iron ladle (Fig. 2b) . The popped grains expand nearly 8 times and are separated from the sand with a perforated pan. As it is produced from the whole grains, it is bestowed with all the nutrients of native sorghum (Benhur et al. 2016; Nations 1995) . The high popping yield and greater volume expansion of millets depend upon the variety, grain characteristics such as size, weight, bulk density, hardness, moisture, protein and amylose content, endosperm type, and popping method (Mishra et al. 2014) . When compared to boiling, popping is an energy-efficient and nutritionally desirable process. It utilizes less fuel and marginally hydrolyses the proteins and vitamins, in addition to improvement in flavor. In Central India, it is mostly consumed by school going children as a snack and drinks, derived from the pounded, popped sorghum flour. The popped sorghum is used in weaning food formulations and in the form of flour and laddu during festivals (Mishra et al. 2014 ). The whole, sorghum seed heads known as panicles harvested during the dough stage are roasted in hot sand and thus obtained soft, sweet seeds are used as a snack. These sugary endosperm varieties with 30% glycogen are found in the Maharashtra state of India (Council; et al. 1996) .
In a study carried out on pearl millet (Pennisetum glaucum), the effect of sand roasting on physical characterstics, texural properties, and sensory attributes in making sattu was studied (Fig. 2c) . Sattu in drink form is considered as the best breakfast food during summer seasons due to its cooling effect and good digestibility. It is prepared from the roasted cereals, legumes, or combination of both with added flavoring agents. It was found that the sand roasting at 180°C for 1 min is optimal for making sattu (Mridula et al. 2008 ). For the finger millet (Elusine coracana), the optimal popping conditions were found to be 19% moisture and sand roasting at 270°C (Malleshi and Desikachar 1981) . In addition to finger millet, the other minor millets such as foxtail millet, barnyard millet and proso millets were popped with roasting and highest popping yield and expansion volume was obtained with proso millet (Srivastava and Batra 1998). In another study carried out on minor millets including foxtail millet, barnyard millet, kodo millet, proso millet, and little millet; the highest popping and expansion ratios were obtained with kodo millet followed by little millet (Mishra et al. 2014) .
In a study carried out on carbohydrate and protein digestibility of foxtail millet (Setaria italica), the two processing techniques such as sand roasting and malting were compared. The grains with 10% moisture popped by sand roasted at 230°C for 15 s showed higher carbohydrate and protein digestibility in comparison with malted and raw grains. It is attributed to starch granule release form protein matrix and reduced antinutrients leading to enhanced amenability to enzymatic digestion. Thus, the sand-roasted millets could be utilized in the preparation of cost-effective, dietary formulations for children and geriatrics (Choudhury et al. 2011 ).
Sand roasting of legumes
The seeds of various leguminous plants such as groundnut, chickpea, pea, cowpea, red gram, and soybean are sand roasted for the preparation of snacks and other value-added food products in India.
Sand roasting of groundnut fruits and seed kernels
The groundnut (Arachis hypogea) seeds are the plant source of carbohydrates, dietary protein, essential minerals, vitamins, and healthy fats in sufficient quantities.
It is ranked at third position in abundantly cultivated oilseeds in the world. In India, it is grown in the rain-fed areas of Gujarat, Andhra Pradesh, and Tamil Nadu states (Nirmale et al. 2017) . Traditionally, the fruits and seed kernels are roasted in small, open-sand bath pan roasters (Fig. 3a) . The roasting is critical in determining the flavor, texture, and nutritional values of the kernels. The sand roasting is one of the oldest cooking techniques used by the street side food vendors and villagers of India for obtaining crunchy, crispy, crackling, and roasted peanuts (www.myKottayam.com 2017). For the purpose of roasting groundnut fruits and seed kernels, a clay pot specially designed for sand roasting known as mangalam is used in the villages of Andhra Pradesh state. It is made from an old or unused or leaky clay pot in which a hole is made on one side to insert a wooden ladle for mixing during roasting (Fig. 3b) (Wikipedia 2019) . The dry roasted peanuts provide sufficient quantities of mono-unsaturated fatty acids in diet and reduce low density lipoprotein cholesterol level in the blood, there by prevents the chance of coronary artery diseases (Fig. 3c) . Also, dry roasting reduces the aflatoxin levels in the groundnuts. Further, roasting releases polyphenols such as p-coumaric acid and hydroxybenzoic acid, known antioxidants which limit the carcinogenic nitrosamine formation in stomach and decrease stomach cancer risk (Chikelu et al. 2015) . Many food industries use the roasted peanuts for making various food products, which mandates the use of peanut processing machines for peeling. For effective peeling, the peanuts should be sand roasted and the sand temperature is kept in the range of 150-160°C for 45-60 s (Nirmale et al. 2017 ). In the preparation of chikki, which is a jaggery-based, sweet snack; the groundnuts which are low in fat levels and less prone to rancidity upon storage are selected. For this, the kernels are medium roasted in a sand bath at 120-125°C and used during the sweet preparation (Manay and M. 2008) . The vitamin E is an important micronutrient derived from the plant oils and acts as an antioxidant, prevents essential fatty acids oxidation in the body, and fights against coronary heart diseases and cancer. The vegetable oil derived from groundnut is a rich source of vitamin E. In an earlier report, the vitamin E content of groundnut which was traditionally sand roasted in an open aluminum pot for 30 min was studied. It was found that the vitamin E level was higher in the roasted groundnuts than in the raw groundnuts (Ejoh and Ketiku 2013) .
Sand roasting of chickpea, cowpea, pea, black gram, and kidney beans
The chickpea (Cicer arietinum) is one of the main legume crops in Indian sub-continent and stands as an important resource for proteins and carbohydrates. In terms of protein quality, it is superior to other legumes such as red, black, and green gram. The seeds are classified as desi (Indian origin) and kabuli (Mediterranean and Middle Eastern origin) types based on seed color and geographic distribution (Kaur et al. 2005) . In India, the roasted chickpea is a popular, traditional snack consumed daily due the abundance of carbohydrates, proteins, essential amino acids, minerals, and dietary fiber (Fig. 4a) . It is used for the preparation of sattu (roasted grain powder), fortified extruded foods, drinks, sweets, etc. (Fig. 4b) . For the development of value-added products, the chickpeas are roasted at 150-350°C using conduction, convection, and radiation modes of heat. In a contemporary study, the effect of sand roasting on physico-functional and antioxidant properties of chickpea was evaluated. The optimally sand-roasted chickpea grains at 180°C for 5 min showed an increase in the surface area and a decrease in the bulk density. Also, the sand roasting caused an increase in water and oil absorption capacities and water absorption index. In the process of roasting, the grains are exposed to higher temperature for a shorter duration of time during which the imbibed water is transformed to vapor. The generated steam within the compact grain structure causes grain puffing, leading to void generation in the cellular matrix, starchy endosperm expansion, and enhancement in surface area. Subsequently, the increase in volume and faster removal of moisture causes a decrease in the bulk density of the roasted grains. The sand roasting at a moderate temperature exhibited an increment in total phenolic content and DPPH activity, attributed to heat-induced, extractable phenolic release and formation of Maillard reaction products that occurs only above a temperature of 120°C. It is worth noting that the sand roasting also bestows texture, flavor, and aroma to the grains as a result of starch gelatinization; formation of desirable acid aromatic compounds, esters and alkenes during Maillard reaction; increment in levels of nitro compounds, melanoidins, biogenic amines, and lipid peroxidation products; and alteration in the composition of olefins, lipids, and alkenes (Jogihalli et al. 2017a; Jogihalli et al. 2017b ). It was found that among the desi and kabuli varieties sand roasted at 190°C for 5 min, the desi variety PDG-3 was suitable for roasting. It is due to its highest puffing capacity, puffing index, least breaking strength, and percent hard-shelled grains (Kaur et al. 2005) .
In another recent study on chickpea, the optimum sand roasting was recorded at 220°C for 10 min for obtaining higher puffing index, lower hardness, and rupture energy (Singh et al. 2018) . In a different study, the antioxidant properties of chickpea seeds sand roasted at 280°C for 25 s were compared with raw seeds. The roasting treatment augmented the total phenolic content, reducing power, metal chelating, and antioxidant activities (Gujral et al. 2013) . In another work, the nutritional quality of the chickpea seeds roasted on a sand bath at 180°C for 20 min was compared with pressure cooked and raw seeds. The sand roasting treatment retained most of the minerals including sodium, potassium, magnesium, iron, and phosphorous; amino acids especially lysine, leucine, valine, cysteine, and tyrosine; and polyphenols present in the raw seeds when compared with pressure cooking (Daur et al. 2008) . In an earlier reported case on chickpea and black gram (Vigna mungo), the sand roasting treatment at 220°C for 5 min did not show significant change in the fatty acid composition of the extracted oils (Liaquat et al. 2008) .
The occurrence of antinutrients in legume seeds limits their applications as food and feed, even though they are the basic sources of proteins, minerals, and vitamins. The antinutritional factors include tannins, phytic acid, trypsin inhibitors, and flatulence causing oligosaccharides. The tannins limit the digestibility of proteins and carbohydrates by the inhibition of digestive enzymes. The phytic acid decreases the bioavailability of essential dietary minerals, proteins, and starch in humans by binding to them. On the other hand, the trypsin inhibitors reduce the digestion and absorption of dietary proteins by severe inhibition of the enzyme trypsin. In a previous study carried out on the effect of physical treatments on nutritional quality of legume seeds, the concentration of antinutrients was investigated. The cowpea (Vigna sinensis L.), pea (Pisum sativum L.), and kidney beans (Phaseolus vulgaris L.) were roasted in a sand bath at 180°C for 15 and 20 min, respectively (Fig. 4c) . The applied sand roasting caused significant decrease in tannin, phytic acid, trypsin inhibitor, and oligosaccharide content in comparison with the raw seeds. Especially, the sand roasting completely removed the of trypsin inhibitors . The essential amino acid content was also increased after sand roasting as compared with raw seeds ). In another study on cowpea, the sand roasting was found to be superior in comparison with microwaving in terms of puffing and sensory results (Kamble 2017) . In addition, the sand roasting technique is also employed for roasting peas, bengal gram, black gram, and soybean.
Sand roasting of other food items
The low carbohydrate sun flower kernels which are abundant in unsaturated fatty acids, proteins, minerals, and vitamins are also sand roasted for obtaining tasty, aromatic, crunchy, and crispy-textured snacks (Mosayebi et al. 2018) . Also, the chestnuts and coffee beans are sand roasted for the characteristic aroma (DeAangelis, 2015) . The technique is also used for oil-free roasting of starchbased fryums known as vadiyalu and appadalu made up of rice and black gram flour, respectively (Fig. 5a ). The sand roasting is also employed for making anardana. In Himachal Pradesh state of India, the anardana production is a household activity. It is prepared from the seeds of wild, culled, or highly acidic pomegranate fruit varieties by sand roasting for easier separation of tightly adhered seeds. The dehydrated seeds are acidic, abundant in vitamin C and minerals, and extensively used in culinary preparations as a substitute for tamarind and mango slices; for garnishing ice cream, chutney, fruit salad, and pan masala; and preparation of digestive and other ayurvedic medicines (Parashar et al. 2009 ).
Other applications of sand roasting
The sand roasting is one of the simplest, convenient, and oldest industrial techniques employed for seed coat removal from tamarind seeds. The seeds are roasted in hot sand bath at 100-250°C for 2-3 min for loosening the testa from the seed kernel. The loosened seed coat is removed by rubbing in a decorticator followed by aspiration and separation (Fig. 5b-d) . The kernels rich in starch are pulverized into tamarind kernel powder (TKP), a value-added product. The roasting temperature and time determines the subsequent steps such as dehulling and grinding of the kernels and the color of the ground kernel powder. The TKP is extensively used as a sizing, binding, film forming, coating, conditioning, gelling, thickening, stabilizing, bulking, dehydrating, glazing, drug delivery agent, adhesive, emulsifier, disperser, and food additive in textile, jute, plywood, paper, leather, printing, food, and pharmaceutical industries (Bharadwaj et al. 2007; Bhattacharya 2014; Thombare et al. 2014) .
Generally, the processing of nutmeg nuts into kernels is a tedious, time-consuming, and drudgery operation. It involves decortication, separation, and grading due to the lack of efficient mechanical equipment. Hence, various preshelling treatments which affect the physical and mechanical properties of nutmeg nuts before decortication was investigated. The sand roasting at 60°C for 20 min is used as a pretreatment method before the decortication of nutmeg nuts (Said et al. 2013) . The sand medium is also used for decortication of the cashew nuts (Anacardium occidentale L.) and roasting of the kernels (Emelike and Ebere 2015) . In comparison with cold, water, and steam treatments which are imposed for softening the shells; the sand roasting of Cuddapah almond (Buchanania axillaris) fruits at 60°C for 20 min gave a higher kernel recovery by the decorticator. It is also employed as preconditioning process for aiding in subsequent decortication of various pulses (Jadhav Vinayak, 2010) . Sand baking of vegetables, eggs, meat, and cake
Sand baking is a method of slow cooking during which the food is exposed to dry heat for longer times, employing sand as the heat transfer medium. During baking, the heat is steadily transferred from the surface to the center results in formation of baked food with dry crust and a soft center. It is used as one of the slow cooking methods for meat and vegetables in coastal areas such as Goa, where the sea sand is abundant. The marinated vegetables or meal wrapped in aluminum foil and covered with flat dough, resembling a chapati are placed in a pan or tray filled with sand and slow cooked. The baking time varies based on the type of food, i.e., 30, 40, and 120 min for vegetables, fish, and meat, respectively. This slow cooking method prevents the ingredients from burning, retains the flavor, and, devoid of oil or less use of oil, makes it a tasty and healthier cooking. It is practiced as a fun group activity for family members and friends during camp nights. In villages, it is common to bake meat and fish wrapped and tied in banana leaf in hot sand. Also, it is a traditional practice to bake the clay-wrapped eggs in hot sand by the agricultural labor in fields. Similarly, starchy tubers such as potatoes, sweet potatoes, taro, tapioca, and yams are also sand baked. Sometimes corn ears are also baked in hot sand for 5-6 h (Das 2017; Nair 2018) . The cake baking with hot sand is an age-old, traditional practice in many countries and now also it is considered as a viable alternative to microwave baking (Fig. 6 ).
Conclusions
The sand roasting technique is used extensively in India by street food vendors, villagers, and cottage industries for the production of various ready to eat food products from different cereals, millets, and legumes. The process not only enhances the sensory characteristics of the products such as aroma, texture, crispiness, volume, etc. but also improves the nutritional and antioxidant values.
They include reduction in antinutritional factors, destruction of seed microflora, enhancement in carbohydrate and protein digestibility; β-glucan extractability, dietary fiber, vitamin E, minerals, shelf life, consumer acceptance, and antioxidant levels. In terms of value-added health products, the sand-roasted products act as prebiotic dietary fiber and serves as an alternative to polished or refined grains for the consumers. Thus, the simplest, inexpensive, traditional sand roasting method of dry heat application is employed for making precooked ready to eat weaning foods and preparation of cost-effective dietary formulations for children and geriatrics. The technique is also used for roasting beans, fryums, and as a pretreatment process for commercial production of TKP and decortication of nuts and pulses. Also, the sand baking method is widely used for baking cakes, vegetables, meat, fish, eggs, and starchy tubers. However, further studies are needed on micronutrient availability and development of functional foods for community nutritional disorders. The limitations of the sand roasting technique are lack of temperature control, uneven temperature distribution and sand contamination in the final products . The sand roasting method is energy inefficient, tedious, manual in operation involving continuous hand stirring, sometimes unhygienic, and limited by low output. The workers are prone to direct influence of heat, flame, and smoke originated from the commonly used fuels such as crop and agro-industrial residues, wood, charcoal, kerosene, and gas (Chikelu et al. 2015; Murthy et al. 2008) . Thus, the current traditional and industrial sand roasting method necessitates the development an alternate technology for production of value-added cereal and legume food products which is low-cost, energyefficient, effective, high-output-orientated with no exposure of the food products to impurities. For example, continuous, microwave, and fluidized bed roasters save cost, reduces the manual labor, enhances productivity, and maintains uniformity in roasted products. In addition to consumer satisfaction, it also provides temperature range optimization, even heat distribution within the heating chamber and food grains and applicability to wide range of materials (Jogihalli et al. 2017a ).
